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Technical field 

The present inventi<m relates to a method of producing porous polymeric parti- 
cles for use as chromatographic matrices, which particles are comprised of two 
layers of different properties. The invention also relates to such particles as 
such as well as to a chromatographic process wherein such particles are used. 

Background 

The temi chromatography embraces a family of closely related separation 
methods- Such methods are all based on the feature that two mutually immisci- 
ble phases are brought into contact, wherein one phase is stationary and Ihe 
other mobile. Chromatography can be used either to purify a liquid from a 
contaminating conipound or to recover one or more product compounds from a 
liquid. 

One area whotein chromatogn^hy has recently become of great mterest is in 
the biotechnological field, such as for large-scale economic production of novel 
drags and diagnostics. Also, the purification of proteins has recently become of 
even more importance due to the opening of the field of proteomics, wherein 
the function of proteins expressed by the human genome is studied. Generally, 
proteins are produced by cell culture, either intracellularly or secreted into Ihe 
surrounding medium. Since the cell Imes used are living organisms, they must 
be fed with a complex growth medium, containing sugars, amino acids, growth 
factors, etc. Separation of the desired prc^tein from the mixture of compounds 
fed to the cells and from die by-products of the cells themselves to a sufficient 
purity, e.g. for use as a human therapeutic, poses a formidable challenge. 



Conventionally, cells and/or cell debris has been removed by filtration. Once a 
clarified solution containing the protein of interest has been obtained, its sepa- 
ration from the other components of the solution is usually performed using a 
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combination of different chxx^matographic techniques. These techniques sepa- Wuvudfexen Kossan 
rate mixtures of proteins on the basis of tiheir chax^ge, degree of hydrophobicity, 
affinity properties, six etc. Several different chromatography matrices are 
available for each of ^ese techniques, allowing tailoring of the purification 
scheme to tiie particular protein involved 



In order to reduce fiie numb^ of steps required to obtain a product firom a cell 
culture or lysate, improved chromatographic techniques have been presented. 
For example, an attempt to avoid the step of removing cells and/or cell debris 
has been made in a technique known as ^anded bed chromatography. 1^- 
panded bed chromatography is a non-paclrcd bed technique, wh^ein a matrix, 
preferably in the form of particles, is brought to a fluidised or expanded state 
by applying an upward flow of fluid. The solution conqprising the compound to 
be isolated is subsequently introduced into the flow. (For an illustrative use of 
expanded bed chromatography, see e.g. International patent application WO 
98/33572 (Amersham Pharmacia Biotech AB)). It has been shown that in such 
an expanded bed, cells are in principle allowed to pass through the bed while 
the desired compound is adsorbed to an appropriate ligand on the particles. 
However, problems can arise in ion chromatography, in the case where the cell 
surface and the binding groups of the matrix carry opposite charges. Aggre- 
gates are then formed, which may lead to collapse of the expanded bed and 
thus inducing a decrease of the protein capacity. 



An alternative way of improving flie available meOiods for separation of pro- 
teins and similar compounds is by improved matrix materials. To this end, ma- 
trices that exhibit more flian one functionality and hence can adsorb mote tiian 
one compound selectively have been suggested. 

Thus, US patent no. 5,522,994 discloses aprocess for separating molecules of 
two different sizes from a sample, wherein a separation medium that exhibits at 
least two different types of functionalities is used: Such a medium can be pre- 
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pared by treating a porous material having reactive groups within its pores wifli 
a modifying agent of a size that penetrates into only certain pores of the porous 
material. Thus, the modifying agent will then chemically modify the reactive 
groups only within the pores so penetrated. 

WO 98/39094 discloses an alternative use of steric effects in order to provide a 
separation medium with differoit properties. In this case, the surfece of a po- 
rous matrix has been covered with a polymer, which is of such a molecular 
weight that it cannot penetrate into the mioropoie system of Hie matrix. The 
matrix itself is preferably agarose derivat^ed wifli dextran in the pores and op- 
tionally fimctionalised. The polymer that covers die sui&ce can for example 
also be dextran, however of a larger molecular weight, cellulose or the like. In 
some cases, the polymer diat covers the surface has been functionalised before 
being attached to the matrix. Thus, the purpose of the polymer surface layer is 
to sterically prevent compounds that are above a certain size to from passing 
through towards the inner micropores. By providing die polymer wifli func- 
tionalities that differ from the ones present in die micropore system, a system 
can be created, wherein smaller compounds that adsorb within the micropores 
are prevented from adsorbing to the polymer on thesur&ce. The matrices dis- 
closed are useful for isolation of nucleic acidis,- proteins and other organic and 
inorganic compounds. 

WO 98/39364 describes a process of introducing a second functionality in lay- 

i:': ers in a porous matrix. This is accomplished by contacting said matrix with a 

: reagent, which reacts with ligands on the matrix surface at a higher reaction 

rate than it difiCuses into the matrix. The reactivity is usually influenced by sol- 

: . : : vent, pH etc and the dififiision through the matrix will depend upon the chemi- 

: cal nature of matrix and reagent Accordingly, the process results in a matrix 

wherein the original ligands are still present widiin the imier pore system while 
•* * _ 
'y\ the added reagent has provided anodier functionality in an outer layer. The 

• • • 

: . I ' thickness of the outer layer will then be depending on the amount of reagent 
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added. The preferred matrix is agarose, and Itie reagent can be bromine ac- 
cording to conventional methods. 

Summary of the present invention . . u. . 

One object of the present mvention.i^ to provide an.alteiiiative method of pro- 
ducing particles for use in chromatographic ibiiatric^ which particles are com- 
prised of two defined layers witfi differentpifdperties* This can be achieved by 
use of a two-phase system, wherein a reageilt reactive in only one of ftte phases 
is used to modify the outer layer of the chroniatographic matrix. 
Another object of the present invention is to;|provide a method for producing 
chromatographic particles comprised of twblayers, which me&od avoids tiie 
need to apply a coating polymer to the particle surface. This can be achieved by 
a method wherein both layers are prepared from one and the same material and 
utilising a two-phase system that protects^ this^ outer layer during chemical modi* 
fication of the inner pore system or the inner pore system during chemical 
modification of the outer layer, 

A further object of tihie present invention is to provide a method of producing 
chromatographic particles comprised of two layers with different properties, 
which layers are produced from one and the Same material, without any re- 
quirement of adding a critical amount of reagent and widiout any need to de- 
termine diffusion and reaction rates of the reagent. This can be achieved by a 
method wherein the outer layer of the particles is protected by reaction with a 
reagent, which is not chemically reactive in the iimer phase of the particles. 

:j Thus, coupling of functional groups to the itmer layer can be performed with- 

: out affecting the protected sur&ces of the otter layer. 



An additional object of the present invention* is to provide particles suitable for 
use as a chromatographic matrix, >^ch are easy to prepare and which are ca- 
pable of selective adsorption of one desirediicompounds to binding groups that 
are sterically prevented from contact with rtlacromolecules such as cells and 
cell debris during the adsorption process. Tljiis can be achieved by providing 
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particles comprised of two layeis wifli-^erent properties, wheiein the entire 
particle is coiiqmsed of one material and which pr^ents non-ftmotional sur- 
faces in the outer layer. A specific ohject of fee-invention is to provide particles 
as described above, which are capable of repelling macromolecnles during a 
chromatographic adsorption process. This o^ be achieved by particles com- 
prised of two defmed layers, wherein fee oii^ layer has been modified and 
provided with groups that chemically lepel-fee ii^romolecules, such as nega- 
tively charged groups. 

Yet anofeer object of fee present inventioin is to provide a process of e^cpanded 
bed adsorption (EBA), wherein cell and celtdebris aggregation is reduced or 
even eliminated. This can be achieved byiuse of fee particles according to fee 
present invention which are provided wife negatively charged groups on fee 
outer layer and hence rq[)el cells, cell debris and nucleic acids. 

The above described and ofea objects of the invention are more specifically 
achieved as defined in fee appended dauns; Furfeer^embodiments and advan- 
tages of fee present invention will appear fi^bm fee detailed description that 
follows below. 

Brief description of fee drawings - • ; * 

Figure 1 is a schematic drawing of a two-^plfisise system according to fee inven- 
tion used for oxidation of fee allyt groins at fee surfisice of a particle. 
Figure 2 is a schematic representation of a particle "wife a neutral i.e. non- 
functional external outer layer and a ligahd-fimctionalised ixmer part; or layer 
prepared by a mefeod according to the invention. 

Figure 3 shows fee chemical structure of feie two illustrative ligands used in fee 
Experimental part of fee present appUcatiotjL' 
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Detailed description of the invention 

A first aspect of fiie present invration is a melhodiof producing a chroma- 
tographic separation matrix, wherein porous.iiolymeric particles comprised of 
two layers with different properties are pffepa*ed in a two-phase system by 

(a) providing at least one porous polymeric ]|iurticle that presra^ reactive 
groups on its pore sur&ces and its exteniM.^l^^i^^* 

(b) washing said particle with a fiist scdvent and draining the particle to enclose 
a first phase; 

(c) wetting the enclosing outer layer of the paiEticle by adding a second solvent, 
which is essentially insoluble in the first ^olveht^ to provide a second phase 
in the outer layer; 

(d) reacting the reactive groups in the buter layfcr by adding a reagent, which is 
essentially non-reactive in the first sblyei^t; and • 

(e) coupling of chromatographic binding *grdup^ to tiie reactive groups in the 
ixmer layer. r ^: 

The part of the particle enclosed in ste^ (b) ^ill hkein be denoted the "iraier 
layer'' of the particle, while the "outer layer'l refers to the rest of tiie particle. 
When the surfaces of the outer layer is: discujssed herein, it is understood that 
the external surface as well as the surfaces i^tiis pore system are encompassed. 

In tiie preferred embodiment, the reactive gM^op^ carbon-carbon double 
bonds, such as allyl groups, vinyl groups, etb,* in which case tiie reagent can be 
an oxidising agent. However, other reietive^^ups that can be envisaged are 
hydroxy groups, amino groups, carboxy grcKt^s, mercapto grctips or tiie like. 



The draining in step (b) is perfonned to reikid^e k ^$iifficient amount of the first 
solvent to allow the second solvent toiwet tlii^paxticle. The wetting in step (c) 
can be repeated if required. The iea6ti6n'in 1^1^ (d) results in an outer layer, the 
surfaces of which can be eitiier non-chsirge^j^r.^haiged, as will be discussed in 
more detail below. In a preferred embbidim0|^;p the present method also com- 
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prises a step of ivashmg the particles after step (d) to produce a phase wherein a 
conveational coupling of binding groups* can be .perfomied. In the present con- 
text, it is to be understood diat the first aiitd Ifa^ second solvents should be suffi- 
ciently insoluble to prevent the reagent died in step (d) ficom reacting in the 
phase to which it is not added 

In an advantageous embodiment, the partide is made fix>m a polymer com- 
prising pendent hydroxy (-OH) groups^ such as Agarose. Porous and chCTsically 
cross-linked agarose particles are easily pprepared by the skilled person in this 
field according to welWaiown methods.; However, other materials can alterna- 
tively be used, such as silica, styrene, dii^nyl benzene etc. As the skilled person 
in this field will realise, if synthetic polyipers such as the last-mentioned two 
are used, a step that renders the particle sbr&ce hydropfailic will be required, 
such as adding OH-groups by conventioi|[al mefiiods. 

Alternatively, a commercial product is uis^d as starting material, such as 
Streamlined^ A 300 or Sepharose™ 6FF;|(both ifrom Amersham Biosciraces 
AB, Uppsala, Sweden). • 

• ''. ,*'* 

Allylation of native polymers, such as a^os4 )S well known in the field and is 
easily performed by the skilled person in[fiiis field, la an advantageous em- 
bodiment of the present method, the allylatioiir iG» provided by reacting the hy- 
droxy groups with allyl glycidyl ether (A^E); This embodiment will be de- 
' scribed in the Experimental part beiowi : 

* ' ' ",. 

In one embodimCTit, the reagent is reactii^e iniaqueous phases. An advantageous 
reagent in this embodiment is die oxidising agent potassium permanganate 
(KMn04), but other oxidising agents such as boron hydride, chromium oxide, 
osmimn tetvaoxide, seleniimi oxide can ^itenmtively be used. 
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In an alternative embodiment, the reagent is reactive in organic phases. TheHuvudfoxan Kasson 
skilled person in this field can select a suitable reagent, such as &e above- 
mentioned, which howevrar will require modification of fte solution- For exam- 
ple, phase-transfer assisted oxidation of allyl groups by KMn04 can be per- 
formed in non-polar solvents such as benzene and dicWoromethane by comr 
plexing the potassium ion witii a crown ether or by rqplacmg it with a quater- 
nary ammonium or phosphonium ion. 

In one embodiment, flie first solvent enclosed in step (b) is an arganic solvent 
The organic solvent may be tohiene, hexane, diddoromeffaane or any otiier well 
known organic solvent tiiat is insohible or essentially insoluble in aqueous 
phases* In this embodiment, tiie allylated particle is preferably washed with an 
alcohol, such as etiianol, before draining e.g. on a glass filter. Accordingjly, in 
tiiis embodiment, the wetting according to step (c) is performed by adding the 
particle to an aqueous solution. 

In an alternative embodiment, the first solvent enclosed in step (b) is an aque- 
ous solvent, such as a water solution. Accordingly, in this embodiment, the 
wetting according to step (c) is peifomied by adding the particle to an organic 
solvent, as exemplified above. 

In the preferred embodiment, the aqueous phase comprises an emulgator, such 
as Dextran™ T500 (Amersham Biosciences AB, Uppsala, Sweden). As the 
skilled person in this field will realise, the function of tiie emulgator is to re- 
: move the toluene from tiie outer layer. Accordingly, the skilled person in this 

^-'^^ field will realise that tiie amount of emulgator should be carefiolly decided for 

L: : each case, since the toluene removed and hc»ice the amount of emulgator will 

^ - ^ indirectiy decide the thickness of tiie outer liayer. In the most preferred em- 

/ bodiment, the concentration of the emulgator is -about 10% in water. 
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In a specific embodiment, up to about 30%. of flie.total number of reactive 
groups as originally present in the particle are reacted in st^ (d). In a preferred 
embodiment^ 3-20%, such as 4- 10%, of the reactive groups are reacted The 
outer layer can be considered as a lid, that surrounds a chromatographic parti- 
cle of conventional composition, hence the denotation '"lid beads'^ Uiat is some- 
times used for this kind of particles. Usually, the second layer^ i.e. the lid, pro- 
duced by the method according to ihc invention is about 3 Mm for a particle of 
a size of about 160 \xm. 

Step (e), the coupling of chromatographic binding gxoiqys to the reactive groups 
present in the inn^ layer of the particle, is easily aiccomplished according to 
any suitable well-known technique. As mentioned above> if tfie first solvent is 
an organic solvent, then the particle is washed e.g. with a sotution of aqueous 
eihanol and water, before step (e), to provide an aqueous environment for flie 
coupling. 

Usually, activation, i.e, a step of introducing finrther reactive groups necessary 
for &nctionalisation, is performed. Useful activation agents can be selected 
from the group that consists of electrophilic agrats, nucleophilic agents, and 
agents acting by free radical chemistry. (See for example WO 98/39364 for a 
more detailed review of various available activation systems.) In tihie embodi- 
ment where the reactive groups are allyl groups, coupling according to step (e) 
can be performed by radical activation. In an advantageous embodiment, said 
activation is performed with bromine* as will be exemplified in the Experi- 
mental part below. 

The binding groups that are coupled to the surface^ of the activated inner pom 
system can be any well-known groups conventionally used as ligands in chro- 
matography, such as affinity groups, hydrophobic intex^tion groups, ion- 
exchange groups^ such as negatively charged cation-exchange groups or posi- 
tively charged anion exchange groups, etc. Thus, in the present context, the 
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tenn **bindin^' refers to any kind of adsbrptib^ pr^ivJinS- Accordingly, in 
one embodiment of the present me1iio4, the feind^ gpnps are ion-exfihange 
groups. In a specific embodiment, the anion b^jcbffioga is diethylamine (ANX) 
or ethylenediamine (EDA), as exen^lified in ii^ixpearimental part below. 

As mentioned above, die reaction in st^(d) lesirfts iif -an outer layer diat pres- 
ents a surface. wHcb can be eiOier niift-cha^ei or charged. The skilled person 
in this field will easily select the appropriate siattmg mat^als and reagents to 
provide a desired property on the sur^ce. I^r^jMnpte, if die reactive groups 
are allyl groups, carboxy (-COOH) a^d/or hydrbiy (-OH) groups can be pro- 
vided on the surfaces of the outer layer, As is vfei known, there are many con- 
ventional methods for coupling a btading g^oup^to an OH group. A surfece 
comprised of COOH groups will be of a weak negative charge. Alternatively, 
binding groups can also be coupled to dOOH groupSi:if a further modification 
of the snrfiice is desired. 

Thus, a fbrtlier aspect of die present s&vention; isfi mefliod for producing a two- 
functional or bifunctional chromatogiiphic .S^xteWioti matrix, which method is 
as defmed above togedier with a further sfe|> diiiiodifying the groups in die 
outer layer and/or a coupling of dir6««togniiJhic!3binding groups to flje outer 
layer. In the most advantageous embdtoc^t, fte -groups in flie outer layer are 
of the same charge as that of con^joi^ diit iace mdesiied in a chroma- 
tographic process, such as negatively charged gri^to repel cells and cell de- 
bris in a process for separation of fob^lEnn fromla^U Ij^e. 

A second aspect of the present invention is ia i>dious polymeric particle suitable 
for use as a chromatographic separatij^ maitriix,: ??fhich is comprised of two lay- 
ers with different properties, wherein all of the pdrtide is made fi"om one mate- 
rial. In a specific embodiment, the particle pr?s«its a neutiral i.e. non-charged 
or non-functional outer layer. Accordingly Otitis- embodiment is different from 
the particles described in die above-discussbd WO 98/39094, since the present 

.iMK==i ■■\. 
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particle presents no polymer coating of a matetfal different from that of die 

particle. They also differ from the particles filing from die process described 
in the above-discussed WO 98/39364, since th<J«url^ of fliose particles wiU 
not be neutral. : -'.'X- ■ 

In a preferred embodiment, the particle acc^g to invention is produced 
according to die meflioddesaibed above. . 

'.X' , 
. '. ■ 

A third aspect of die present invention is a jEirocess &f separating a desired 
compound from odier components in a sohitic^, iwhich is a chiomatogr^hic 
separation metiiod wherein a matrix produ6ed?i&ording to die invention or a 
matrix comprised of particles according to die invention is used. 

In an advantageous embodiment, die proci^ js ^n exjianded bed adsorption 
(EBA). In diis context, it is to be understood *ai die process can alternatively 
be anodier kind of non-packed bed, such as a stiired suspension, which is based 
on a similar principle as the cjqpanded bed adsorfition. 
In die most advantageous embodimait, diiedjSsired compound is a protein and 
die solution is a ceU lysate. In diis embodimcit; the outer layer or lid will pre- 
vent cell adsorption to die particles. - f 



In a specific embodiment of die present prt>ce^ die matrix is an anion ex- 
changer. This embodiment becomes especikll^iadvanibageotts due to die need to 
shield negatively chargpd cells and cell debrisiaom die cation exdiangers' 
negatively charged binding groups. 

r" . 

A last aspect of die invention is die use of a m|^ produced by a mediod ac- 
cording to die invention or a matrix con^jnsetfWpaitides as described above 
in expanded bed adsorption. 
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Figure 1 is aschematicdrawing of atwo^hasesystem accord 
tion used for oxidation of the allyl gtoiq>s at siufecfc of a particle. Mow spe- 
dficaDy, particles with a first iimer phase con^ri^ng toluene and an oxidised 
outer layer are shown in an acpieous phase oortiprised of Dextran™ T500 (Am- 
ersham Biosdences AB. Uppsala, Sweden), KMdOa, l^aOH and HjOi. 
Figure 2 is a schematic representation of aparticl^ witfi aneutral i.e. non- 
functional external surface and a Ugand-funcHpnaUsedintenialpart or layer 
prepared by a method accordtag to the inventiioh. Th&fjuter layer conqarises - 

COOH and/or -OH groups while the inner lay6r can comprise any Ugand such 

as ethylenediamine (EDA), dielhylamme (Ai^X), etc.. ; 

Figure 3 shows the chemical structure of ethylffltiedianilne (EDA) and dietb- 

ylamine (ANX) used as the two ligands the BJ^erimental part of the present 

application. • \ 

■• = i! 

F.yPERlMENTAL PART . . i 

Below, the present invention wUl be describ6d^y way tof examples. However, 
the present examples are provided for illustot^ve: purposes only and should not 
be construed as limiting flie invention as defined by the appended claims. All 
references given below and elsewhere in the pfesent ^ification are hereby 
included by reference. . ! • 

• • ' jf . • 

. • * 1' • ••* 

Exanmle 1: Gene ral nnir^edni^ for Allvlaftdh of Sl^aTnlitie^ A 300 with 
I allvl fflvcidvl elherfAGm . . V 

In a typical synthesis, aqueous NaOH (50%) (200 g), l<raBH4 (0.2 g) and 
NajSOA (8 g) were added to a IL ihiee-nficked round riwttom flask equipped 
^1- : witii a mechanical stirrer. Streamline™ A30 i^Ainersfiilm Biosciences AB. 

' : Uppsala, Sweden) gel (200 g) was washed wLlh distilied water and drained over 
' ] ' [ a glass filter. The beads were subsequently added to thie three-necked round- 

bottom flask under stimng; the reaction msKture wte hpated up to 50 'C, and 
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stizring was continued for Ih at tiiis temperature. Allylg 
(300 mL) was then added to the reaction [mixture and stu ring was continued at 
SO °C for 18h. The reaction mixture was then cooled dd|v m to room tempera 
ture and brought to pH 6-7 by the addition of concentrate d acetic acid. The gel 
was then filtered on a glass filter and washed successively with distilled wat^ 
(5*200 mL), EtOH (99.5%) (5*200 mL). and finally distilled water (5*200 
mL). The ally! content was determined by first reacting; 
beads with bromine and then by titrating the resulting b;e etds with silver nitrate. 
In general, the allyl content was ranging from 200 pmoJ/^L gel to 250 
pmol/mLg^l. 



Example 2: General procedure foridie pdtitial cwudatio&k|f the beads prepared in 
example 1 

Allylated Streamline^ A 300 (Amershrai Bioscienc^l/^ B, Uppsala, Sweden) 
(50 mL) was first washed with EtOH (99.5%) (4*50 niL) and then with toluene 
(99%) (4*50 mL) on a glass filter. In thia last washiti^(^ th toluene, the beads 
were partially drained. Distilled water (100 mL) and D^xtran T500 (Amersham 
Biosciences AB, Uppsala, Sweden) solution (10% in water, 100 mL) was 
added to a IL three-necked round-bottom ^flask. The'sc^Iution was subjected to 
mechanical stirring. The partially drained gel was addfed 1 
tilled water (50 mL) and Dextran T500 solution (lO^iin water, 50 mL) was 
added to the flask. A homogeneous suspension of partij: es in solution was ob-* 
tained and stirring was continued for 1 5 miii. Potassiiudi permanganate 
(KMn04) (0.81 g, 5.12 mmol, 0.5 eq of initial ally! gro:ups) was added to the 
flask under continuous stirring. The ruction mixture biu ned purple and fte re- 
action was allowed to proceed for 15 inftu NaOH^(50% tn water, 20 mL) was 
then added to fhe flask and the leaction mixture tumeid^l rown simultaneously, 
indicating the formation of permanganiiie dioxide aggiie gates. The reaction was 
allowed to proceed for Ih at room tempetature. Concjsiiii rated acetic acid (ap- 
proximately 10 mL) was then added to the mixhirexmip tiiepH equalled 5. 
Aqueous H2O2 (30% in water) (2 mL) »ias carefiilly ixi^i led to the mixture. 
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niter, washed wifh dis- 



which turned grey- The gel was then filtered on a!; 
tilled water (5*50 mL), EtOH (99,5%) (5*50 mt), and^^Sttally distilled water 
(5*50 mL). The allyl content was deterihitied acqOrdm the procedure de- 
scribed in example 1 « In general, tixe allyl coixt^ 
as compared to the initial allyl content (Table 1) 



Example 3: General procedure for the brominatioh dl>tfaB l>eads prqiared in cx.^ 



ample 2 

The bromination of the remaining allyl grbiips o: ^ pai|ii^ly oxidised Stream* 



was performed as 
disfiUfi^ water (1 0 mL) in a 



line*^^ A 300 (Amersham Biosciences AB^ 
follows* Sodium acetate (0.1 g) was dissolved in 

250 mL fhree-necked tound«bottom £lask:equippe^i tyitiljia mechanical stirrer. 
Partially oxidised gel (40 mL» drained) and ;disti] (40 mL) were flien 

added to the flask, and the mixture was subjected llto f^id stirring for 15 min at 
room temperature. Bromine was then addpd dro] »:by||i^p to the reaction vessel 
until a persistent yellow coloiu: was obtaineil (ap proki' 
ling was continued for 15 min. Sodium fidrmate 



wa^ii^ecbeased by 5 to 20% 



^as 



Example 4: General procedure for the deiivatisa doiiitol anion exchangers 



ii, drained)^ diethyla^ 



Example 4-1: Coupling ofdiethvlamine t^NXi 
Typically, brominated gel prepared in exaiittple ; 
mine (20 mL), and distilled watCT (20 mL) wereti 
necked round-bottom flask and the mixture was 

ring at room temperature for about 1 5 min. tliei i pB;%s adjusted to 1 1 .5 with 
cone. HCL NaBH4 (0.13 g) was then add^djto tt e fla^l^ ^tid die reaction was 
allowed to proceed at room temperature for* 1 8h : 
by addition of cone, acetic acid. Finally^ ihef gel 




iy2mLBr2).Stir. 
added until the yel- 
low colour disappeared The gel was subaeq[uen1ly wat§H(dd with distilled water 
(5*50 mL) on a glass filter. The bromina^dgel j»ras.|diii8ctiy used for derivati- 
sation to anion exchanger. 



addedjtb a 500 mL three- 
lsub]|iGf!^ed to mechanical stir- 



Hieittajction was then stopped 



wasitvt .^ed with distilled wa- 

- - 
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ter (10*50 tnL) on a glass filter. In 
ANX gels was ranging fix)m 78 |imaffn^!|gd,to 141 



Example 4-2: Coupling of ethvlenedikn&n}^ /EDA ^ 
Typically, brominated gel prepared M exkioriplei 3 (SO t 



amine (75 mL), and distilled water (^ ^aiE):iwere ; 



necked round-bottom flask and the n^jixtitf^ was $ubji^< 
ring at room temperature for about 1^ nUi^ fhe reactii 



for 1 8h. Tlie reaction mixture wi 
neutralise wilfa cone, acetic acid 
the gel was washed with distilled vit 
the ion exchanger capacity for the 
gel to 224 |Junol/mL gel. 
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drained), ethylenedi- 
to a 500 mL three- 

to mechanical stir- 
was dien stinred at 60 
i6m ten^erature and 
in an ice batii. Finally, 
a glass filter. In general, 
ig from 166 |imol/mL 



(fimoymL gel) J| 



ANXl 
ANX 2 
ANX3 
EDAl 
EDA 2 
EDA3 



222 
222 
203 
201 
201 
203 



jtMinal/| iLgel) 



••••I 



'1% 



I .1 
I • • 



ent 
baddation 



Allyl groups 
oxidised (%) 



12 
20 
3 
6 
6 
3 
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Example 5: Cell adsorption measuri 
Cell adsorption measurements Were 
suits are reported in table 2. The lesiii 
flow through firaction (FT) and in the e 
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rormjsd on difTerent prototypes. The re- 
are givenias -a pjercentage of cells in the 
ufej¥.>fraction at different NaCI con- 
centrations. The gels named REF. AN3 : Snd RER EpX; correspond to the gels 
prepared according to standard methdd fiby allylatioloi pf Stre A 300 



(Amersham Biosciences AB, Uppsala, 



S^edra); brdctii^ and coupling of 



the corresponding anion excii^ers, i.< |imprinci^l^ iis described above but 
without partial oxidation of the outet r'*'''^ 



Talbii 



Prototype 0 mM NaCl 

%Fr %E 



25 

%Fr 





2 


101 


ANXl 


27 


16 


ANX2 


19 


40 


ANX3 


25 


16 


REF. 
EDA 


1 


17 


EDAl 


30 


0 


EDA 2 


67 


2 


EDA 3 


79 


0 



2 

44 

78 i 



1 

48 

67^ 
81 



mtRfiTirm saJ^fNaCl 100 mM NaCI 

iVpE %E %FT %E 



.r- • ; • 

1:5 



•: 2:1 ^ 

. 4i:: : 



96 
16 
2 
2 



3 
73 
73 
94 



S4 
4 
7 
0 



; 2" 

) n: 



16 

2 
0 
1 



82 
78 
84 



40 

4 
2 
0 



•02 OS/27 00:15 FAX +46 JS 61.21830 AMERSH/Al BIOSClBNCpS. IP PRV CTH ©020 

^+46 18 612183a . 



" 7n0?-08-2 7 

CL^S HuwdfcwenKaswn 
1 . A method of piodttcing a chromatoeSipluc sq>aiafiOTi matrix, wherein po- 
rous polymeric particles comprised pfpffo la^rers wiifii different properties 
are prepared in a two-^»hase system w 

(a) providing at least one porous polyn^eiic parti<?le t^^ presents reactive 
groups on its pore sut&ces and on i^'extemd sucfe^; 

(b) washing said particle with ft first 8<^%it and dr^Mfig the particle to enclose 
a first phase; ; -. .'•i ' 

(c) wetting tiie enclosmg outer layer o^ie particle by aidding a second solvent, 
which is essentially insohibte in flie Wsolv6nt.*?^vide a second phase 
in the outer layer; . 

(d) reacting tiie reactive groups in &e dtitk Ixyei by imog a reagent, which is 
essentially non-reactive in the first ^lytint; and ; 

(e) coupling of chromatographic bindii^ groupsto fl^ reactive groups in the 

'. 'h ■ .' . ''''"! 
inner layer. ■."]' ; 

2. A metiiod according to claim 1, Wtoiirflie i^actiVB groups are caibon- 
carbon double bonds. ■ 

3. A method according to claim 1 or 2, ivhereiii tile jparticle is made from a 
polymer comprising pend^t hydroxyigroupsi st^^H^s agarose. 

4. A method according to claifn 3. wH^jrein tiie partidie in step (a) is provided 
by allyiation of such hydroaty groupsfiwitii ally! glybidyl ether (AGE) to 
provide reactive allyl groni*. ; | 

5. A method according to any wie of i^iiiis 1-4, wl^fein tiie reagent added in 
step (d) is an oxidising agent that iS-reactive in i^^^ous phases. 

6. A metfiod according to any one ctf iaims 1-4, whfeNn the reagent added in 
step (d) is an oxidising agent that is.reacaive in o^gibic phases. 

7. A method according to any one of i@|e preceding Claims, wherein the first 
solvent enclosed in the particle is an'^r^oii^ jsol^ent 

8. A method according to any one of llaims 1-6; wftietein the first solvent en- 
closed in the particle is an ftqueops.^lution.; '. 
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9. Amethodaccotdingtoaiiy oneofthepreceding^^^^ Hu vudfcnoin Kasson 
ous solution conqnises an emulgator. ' \ 

10. A me&od according to any one of &e ptecediiig^^dms, wherein up to 
about 30% of die total number of the reactive gr^ujps as originally present in 
the particle are reacted in step (d). . ... 

1 1. A method accordmg to any one of the preceding claims^ wherein the cou- 
pling according to step (e) is performed by ra^c>l;activation of allyl groups 
to allow coupling of binding groups. ^ % 

12. A method according to any one of ttiie preceding biaims, wherein &e bind- 
ing groups of step (e) are ion exchange groups. Iv;/*; 

13. A method for producing a bifimctional chromat^^^phic separation matrix, 
which method conqirises a method jg^cconiing td any one of flie proceding 
claims^ and a further step of modij^^oig tilie grou|)$ -m the outer layer and a 
coupling of chromatographic bmdn% groups;^o ^^ib kurfac^^ 

1 4. A porous polymeric particle suitable for use dis a chromatographic separa- 
tion matrix, which is conqirised df t«iro kyers iTt^^^^ 

wherein the entire the particle is ma<]e &om ^h^ mifterial and which pres- 
ents a non-ftmctionalised outer layer. ijf:''^ 

15. A porous polymeric particle suitablei fch: use af hiroinatographic separa* 
tion matrix, which is comprised of t^o;.layers; wltjl^ properties and 
which has been produced according to *any one ^i^claims 1-13* 

16. A process for separating a desired comipound^firi^ih other components in a 
solution, which is a chromatographic separatioxi i^i^thod wherein a matrix 
produced according to any one of cilaims 1-1^ or ^i inatrix comprised of 
particles according to claim 14 or IS is used! \ j: ^'l 

17. A process according to claim 16, W]|ich is anjeT^p^ded bed adsorption 
(EB A) process- \:. 

18. A process according to claim 16 oi 17, whei^i4il|^. desired compound is a 
protein and tiie solution is a cell lysatei ' ^ ; • r 

19. A process according to any one of plaiins ld^l8^|^lierein the chroma- 
tographic separation matrix is an aiiioh exchahisiei;': 
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20. Use of a chromatographic, separation matrix pn^c^ by a mediod accord^uvudfoxen Ko$san 
ing to any one of claims I'-^IS or a matrix compiised of particles according 
to claim 14 or IS in expanded bed adsoiptiom i 
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AS^iyAC Z . Huvudfaxan Kasson 

The piesent invwtion is a method of produdng d c^matogiaphic separation 
matrix, whi^cein porous polym^c particles comprised of two lay&cs with dif- 
ferent properties are prepared in a tWc^phase s^teni by 

(a) providing porous polymeric particles with leacdve groups on dieir surfaces; 

(b) wa^ng said particles widi a first solvent and crosdng the particles to ca- 
close a first phase; • 

(c) wetting the outer layer of die paiticliss by ad4i£^ Second solvent, which is 
essentially insoluble in the first solvent; 

(d) reacting die reactive groiq>s in the outer layer lyy adding a reagent, which is 
essentially non^reactive in the first solvent; andi 

(e) coupling of chromatographic bindiiig groups; tqidif^ reactive groups in die 
inner layer. v • ; 

The invention also encompasses a porc^us polymerp^^ticl^ suitable for use as a 
chromatographic separation matrix and a process .of Reparation, wherein a ma- 
trix according to the invention is used: 
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